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Abstract

This study presents a comprehensive framework for evaluating the structural and environmental performance of food
related buildings, validated by applying it to an olive mill (OM) as a case study in southern Italy. The methodology
employed Uncrewed Aerial Vehicle (UAV) imagery and laser scanning to generate a precise Building Information Model
(BIM) of the structure, that was the base on which a Life Cycle Assessment (LCA) was carried out to evaluate the envi-
ronmental impact at first level, then a microclimate evaluation was also conducted to study the interaction of the building
with its close external environment. The results show that the proposed framework illustrates an efficient methodology
for evaluating structures within the food sector through the integration of UAVs, laser scanning, BIM, and environmental
analysis software. Through this study, OM buildings have been proved to be also impactful to the environment along with
the agricultural and production phases of the olive oil production cycle, underscoring therefore the important need to inte-
grate structural performance into sustainability evaluations. Significant embodied emissions associated with construction
and maintenance have been identified by the LCA, while substantial heat island effects were reported by microclimate
evaluation. The obtained results also were compared to a previous evaluation of the same building by the LEED green
building assessment tool and the results revealed inconsistencies between both evaluations, underscoring the need to inte-
grate digital technologies and advanced modeling into green building assessment frameworks.
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Abbreviations LOD Level Of Development
BIM Building Information Modeling oM Olive Mill

FOV Field Of View PCM Phase Changing Material
GIS Geographic Information Systems TLS Terrestrial Laser Scan
GWP Global Warming Potential UAV Uncrewed Aerial Vehicle
GSD Ground Sampling Distance

HS Hand-held Scanner

IMU Inertial Measurement Unit 1 Introduction

LiDAR  Light Detection And Ranging

LCA Life Cycle Assessment The substantial contribution of new technologies has signifi-
LCImA  Life Cycle Impact Assessment cantly influenced several sectors worldwide such as the con-
LCInA  Life Cycle Inventory struction industry. Nevertheless, this sector is undeniably
LOIN Level Of Information Need backward when it comes to implementing these technolo-
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gies, especially on operational buildings. In order to address
the weaknesses of older buildings and to include them in the
climate change resilience and adaptation approaches, the use
of innovative technologies helps accomplishing this task [1,
2]. In fact, Building Information Modeling (BIM) has revo-
lutionized the construction industry by overcoming the limi-
tations of traditional construction practices. By providing
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a comprehensive digital representation of buildings, BIM
facilitates the efficient management of construction pro-
cesses and performance throughout the entire lifecycle of a
structure. This approach enables precise tracking of individ-
ual building components, enhances decision-making, and
supports sustainability initiatives by optimizing resource
use, minimizing environmental impact, and improving
overall efficiency in the built environment [3—5]. Neverthe-
less, the sector ranks among the least digitized ones glob-
ally, leading to increased project management complexity,
avoidable inefficiencies, and time consumption [6]. Despite
the transformative potential of BIM, its adoption varies
significantly across the globe. While some developed and
developing countries have successfully integrated BIM into
their construction practices, others remain hesitant to tran-
sition from traditional methods [7, 8]. Some key obstacles
to widespread adoption that have been underscored are the
limited awareness and understanding of BIM’s capabilities
within the industry, high initial costs, time constraints, and
insufficient access to information about the building [7]. In
fact, the increase of BIM use is majorly noticed during the
design phase of constructions, while for existing buildings,
this technology is yet to be expanded due to lack of data
about the building and its evolution [9]. Actually, regard-
ing the maintenance, repair, and assessment of a building,
a BIM model should be as accurate as possible in repre-
senting each component. This high level of structural accu-
racy enables the facility managers and engineers to identify
potential issues, plan interventions, and execute repairs with
minimal disruption [10, 11]. This issue has been the focus
of numerous research initiatives. To address the challenges
posed by outdated or incomplete documentation, advanced
surveying technologies, including laser scanning and pho-
togrammetry, have been increasingly adopted [12]. These
methods facilitate the precise capture of existing build-
ing geometries, thereby enriching BIM models with more
comprehensive information. By integrating high-resolution
point cloud data into the BIM workflow, these methods
facilitate the creation of detailed digital models, improv-
ing decision-making in design, renovation, and sustainabil-
ity assessments [6, 13]. In fact, this technology had been
involved deeply in building assessment and helped many
project holders decide on the level of sustainability of dif-
ferent kinds of buildings, throughout their life cycle [14].
Regarding the environmental assessment of operational
buildings, several frameworks suggest the integration of
BIM models and different evaluation methods such as Life
Cycle Assessment (LCA) [15], Internet of Things (IoT)
[16], real-time monitoring algorithms [17], etc. On the other
hand, the ongoing global shift toward urbanization, coupled
with the accelerating impacts of climate change, has inten-
sified the need to investigate strategies for mitigating the
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detrimental effects of extreme microclimatic conditions on
urban functioning, particularly in relation to building energy
use and public health. Over the past decade, the Urban Heat
Island (UHI) phenomenon has exhibited increasingly pro-
nounced intensities, substantially influencing pedestrian
thermal comfort, perceived air quality, and the energy
demand of buildings within compact urban settings [4].

In Italy, many olive mills (OMs), often centuries old, were
originally built using traditional construction methods that
reflected the agricultural and architectural practices of their
time. Over the years, these mills have undergone numer-
ous, often unplanned renovations, adapting to advances in
olive oil production processes, shifts in agricultural needs,
and changing technologies. These modifications, frequently
undertaken without formal documentation or updates to
the original floor plans, result in a lack of standardized
records or accurate structural planimetry. Consequently, this
absence of documentation creates significant challenges for
modelers attempting to digitally reconstruct these mills by
BIM, as they struggle to capture the exact layout and materi-
als of the altered structures.

Additionally, the difficulties in gathering reliable data
on these structures limit the scope of sustainability assess-
ments. As these olive mills form a crucial part of the Medi-
terranean’s cultural and agricultural heritage, an accurate
sustainability assessment could inform preservation and
modernization efforts, guiding resource efficiency and envi-
ronmental impact reduction. Nevertheless, without detailed
digital models, evaluating their energy efficiency, material
lifecycle, or potential for renewable integration becomes
complex, thereby hindering efforts to support their conser-
vation in a sustainable manner.

1.1 Scan-to-BIM and photogrammetry use in
construction

The use of Laser scanning has been reported since 1980,
where it was applied in different sectors particularly in
construction [18]. Since then, the scan-to-BIM process,
which relies on point clouds generated via 3D laser scan-
ning and/or aerial photogrammetry have been the subject of
much research. A study by Skrzypczak I. et al. in 2022 [19]
involves the 3D modeling of three different facilities located
in Poland: a utility/laboratory building, a sports facility, and
a sports hall. Data was acquired using a Faro Focus 3D laser
scanner. To facilitate the modeling of the sports hall’s roof,
close-range photogrammetry by an uncrewed aerial vehicle
(UAV) was utilized. The study compared the model created
with the real building by direct geometry measurements
and the analysis revealed a measurement accuracy of + 1
cm. Moreover, a study by Jiang, Z. et al. in 2022 [20] high-
lighted the importance of introducing digital technologies
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to monitor construction progress in real-time and minimize
project delay and its effects. The study uses a combination
of methods including 3D scanning technology to track the
progress of road bridges construction, and the results showed
that the proposed framework can effectively monitor the
geometric increment of road bridges construction projects,
with an accuracy of less than 5% difference between as-built
and as-design volumes. Furthermore, a case study carried
out by Sing, M.C. et al. in 2022 [21] over a 62-year-old
tenement building, aimed to generate quantity take-offs for
estimating building maintenance costs by means of Terres-
trial Laser Scan (TLS) and BIM. The findings revealed the
practicality of adopting the Scan-To-BIM technique to sig-
nificantly minimize time and cost in collecting data about
the building blocks and their state. Subsequently, with tech-
nological advancements and innovations, the use of UAVs
has emerged to facilitate the previously described processes
by redefining the construction projects planification, execu-
tion, evaluation and maintenance [22]. In a study carried out
by Pratico et al. in 2023[12], surveys with TLS, Hand-held
Scanner (HS) and UAV were integrated to obtain a complete
3D point cloud to serve as basis to BIM production of agri-
food buildings. Three different olive oil mills were surveyed
and accuracy of 3D point clouds generated by TLS, HS
and UAV were tested using the multi-scale model to model
cloud comparison (M3C2) obtaining a maximum distance
of 0.06 m between the analyzed clouds [23].

UAVs, enhanced with advanced high-resolution cam-
eras and LiDAR (light detection and ranging) sensors, play
a crucial role in enabling highly accurate mapping, detailed
topography analysis, and efficient site planning. UAV images
joined with digital image processing, as they can be com-
bined with other technologies, such as Geographic Informa-
tion Systems (GIS), AutoCAD and BIM, have been widely
used in the construction industry [24]. In fact, in a work car-
ried out by Seongdeok Bang et al. [25] in 2017, a construc-
tion site was monitored by means of UAV, accompanied by
a preprocessing method aiming to enhance the resolution for
accurate image stitching. Another study by Hyunjun Kim et
al. in 2017 [26] employed a UAV incorporating hybrid image
processing to identify the concrete cracks on buildings.

1.2 Life cycle assessment and microclimate
evaluation of buildings

The environmental assessment of buildings has undergone
thorough studies to examine the influence of structures,
enhance their efficiency, and analyze their interaction with
the surrounding environment, both indoors and outdoors.
Conducting an LCA is one of the commonly used meth-
ods to estimate the environmental impact of buildings and
help choose appropriate building materials with acceptable

costs. This was demonstrated by a work of Najjar et al. in
2019 [27], in which researchers associated the BIM of a
residential structure to an LCA, in order to choose the best
envelope that ameliorates the building efficiency on energy,
carbon emissions, and cost. After optimizing the framework
and comparing it to a baseline design, the findings reveal
that the approach helps improve the building performance
by approximately 40% on average. Other research routed
for LCA to compare carbon emissions levels of buildings
life stages such as a study by C. Peng in 2016 [28].

On the other hand, given the continuous and reciprocal
interaction between climatic conditions and the built envi-
ronment, microclimate analysis has been indispensable. It
provides a robust basis for architectural decisions concerning
building morphology and design, while also enabling rigor-
ous evaluation of how buildings impact surrounding airflow,
energy fluxes, and occupants’ thermal comfort [29]. Several
research has been conducted on this matter, with a special
focus on cities and neighborhoods. A work of T. Hong et al. in
2021 [30] examines the influence of the urban microclimate
on buildings regarding energy consumption, peak demand,
indoor conditions during extreme events, and resilience, in
the downtown and urban-core areas of San Francisco, Cali-
fornia. The study used ten years of hourly meteorological
data from multiple regional monitoring sites. It localized
heat-islands in the area and offered insights into city plan-
ning and dense-urban building design, while emphasizing the
need for more refined climate data and microclimate analyses
to improve building performance and energy efficiency. On
the other hand, other microclimate studies were conducted to
seek alternatives capable of mitigating the heat island effect in
cities [31, 32], or urban parks [33, 34], such as implementing
more green zones, blue infrastructure, etc. To conduct micro-
climate analysis, several tools are now available. A study of
G. M. Stavrakakis et al. in 2021 [17] gives an overview of the
commonly used programs for microclimate analysis namely:
Rayman, Solweig, TEB, ENVI-met, etc., and highlights the
specificity of each.

1.3 Aim and scope

Reconstructing an accurate 3D model of an existing building
remains a complex challenge, particularly for older struc-
tures that have undergone extensive renovations. In many
cases, available planimetric documentation reflects only
the original construction, lacking updates that account for
subsequent modifications. These limitations hinder accurate
assessments of a building’s current state.

To address these challenges, this study presents an
advanced, integrated workflow that combines BIM, laser
scanning, and UAV imagery. This approach enhances the pre-
cision of digital reconstruction by capturing reliable geometric
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and material details. The resulting 3D model serves as a foun-
dation for the building assessment, including an LCA, then
a microclimate analysis. These two assessments are comple-
mentary since they give a wholistic reasoning on the envi-
ronmental impact of the construction properties, in terms of
carbon emissions and heat island effect. The microclimate
assessment can serve not only in urban contexts, but also in
open landscapes where individual buildings can impact the
local climate conditions. Furthermore, this research can pro-
vide insights about the inside atmosphere of the structure in
relation to the outer environment.

On the other hand, the proposed methodology was tested in
an OM for several reasons. First, the significant presence of this
kind of structure across the Mediterranean basin. The region
accounts for approximately 90% of global olive oil production,
and the massive spread of OMs highlights the importance of
assessing their performance from an environmental standpoint.
Actually, while most existing evaluations focus primarily on
production efficiency or agricultural outputs, the building
envelope and its environmental impact are often missed. Sec-
ond, this study addresses this gap by focusing on the structural
footprint of OMs and their influence on the local microclimate.
The objective is to explore potential retrofitting strategies that
could enhance environmental performance and resilience, par-
ticularly in the context of climate change adaptation.

2 Materials and methods

To leverage the advantages of BIM in projects involving exist-
ing buildings, it is first necessary to create an accurate digital
representation of the structure. This was achieved through the
scan-to-BIM process, which relies on point clouds generated

via 3D laser scanning and aerial photogrammetry. In fact,
Laser scanning is the most effective method for capturing
the indoor environment of a building with high precision
[35]. On the other hand, documenting exterior features, par-
ticularly the roof, can be challenging. Therefore, aerial photo-
grammetry was used as a complementary solution to generate
a holistic representation of the building roofs.

The laser-scanned point cloud may be co-registered with
the aerial point cloud by utilizing common reference points,
namely scanning targets for laser data and ground control
points for aerial imaging [20, 36]. In this study, the laser-
scanned point cloud was imported into Autodesk ReCap Pro
which allowed the transfer of the real time representation of
the building to REVIT, while the UAV images were recon-
structed and used as reference for the roofs. The BIM model
was built and served subsequently to conduct two building
assessments: an LCA, and a microclimate analysis. This
framework, summarized in Fig. 1, constitutes an easy holis-
tic approach to evaluating existing buildings in real time and
in a completely digital way.

2.1 Study site

The OM investigated in this study is named “Cooperativa
Olearia Delia” and is located in Scido, a municipality within
the province of Reggio Calabria, southern Italy (latitude
38°15°36.1” N, longitude 15°56°28.6” E — Fig. 2a). The facil-
ity spans a total area of 10,132.63 m? and comprises several
functional zones (Administration, operations areas, storage
room), which were completed by 2000. Subsequent expan-
sions included the installation of standing seam roofs across
all administrative and operational zones, along with the addi-
tion of parking areas and a paved courtyard (Fig. 2b).

Laser Scanner

Unériewed Aerial
Vehicle (UAV)

Results

Microclimate Analyh /

Potential Air
temperature

K Embodied Carbon emissions /

Fig. 1 Workflow of the methodology implemented in four main phases

: Laser Scanning LiDAR and UAV survey (in green), Building Information

Model (BIM) development (in blue), microclimate analysis and Life Cycle Assessment (LCA) (in purple), and results (in orange)
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Fig.2 a-b. Location of the study site in the municipality of Scido (province of Reggio Calabria, Calabria Region, Southern Italy) (on the left) and

the orthomosaic (on the right)
2.2 Laser scanning lidar

For this study, three-dimensional survey data were acquired
with the Leica BLK360 terrestrial laser scanner (Fig. 3).
The instrument records the geometry of surrounding struc-
tures by emitting laser pulses and calculating the travel time
of their reflections, thereby determining the spatial coordi-
nates of each measured point. The resulting dataset forms
a point cloud in which every point is defined by x, y, and
z values. The BLK360 captures up to 360,000 points per
second across a horizontal field of 360°, and a vertical field
of 300°. Its measurement precision is approximately + 8 mm
at a range of 20 m and improves to £6 mm at 10 m, with
a maximum scanning distance of 60 m. Raw scan data are
saved to the device’s internal memory and subsequently
managed with the Leica FIELD 360 mobile application,
which allows initial organization and coarse alignment of
individual scans. Final registration is performed in Leica
Cyclone REGISTER 360 (BLK Edition), where automatic
alignment supported by the VIS (Visual Inertial System) is
refined manually to improve consistency and accuracy. The
registered point cloud is then exported in RCP format and

processed in Autodesk ReCap Pro to remove noise, segment
regions, and optimize the dataset. The prepared project is
finally imported into Autodesk REVIT, where the point
cloud serves as a spatial reference for constructing the BIM.

2.3 UAV survey and image data processing

The UAV surveys were performed using the Zenmuse L1
mounted on the quadcopter DJI Matrice 300 RTK (DJI
Ltd., Shenzhen, China) (Fig. 4). The L1 module is formed
by three different sensors: (i) a Livox LiDAR sensor with
a class 1 laser and a field of view (FOV) of 70.4°x 77.2°
(horizontal x vertical), 480,000 points emitted per second
up to a maximum distance of 450 m; (ii) a 1-inch 20 mega-
pixel CMOS sensor RGB camera, synchronized to LiDAR
capture; and (iii) a high precision inertial measurement unit
(IMU) to monitor the flight parameters (pitch, roll, and
yaw). The survey was performed in semi-automatic mode,
flying with a speed of 2.5 m/s of speed and 80% of side
and forward overlap respectively. Data was acquired at 30
m a.g.l. with a ground sampling distance (GSD) of 1.5 cm.
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Fig. 3 Leica BLK360 terrestrial laser scanner (TLS) used for the
survey

Fig.4 Uncrewed Aerial Vehicle (UAV) DJI Matrice 300 RTK used for
the survey

@ Springer

The accurate georeferencing of the data was obtained
by using the D-RTK 2 Mobile Station. The sensor supports
up to 3 returns enabling the acquisition of colored three-
dimensional point clouds through the utilization of an RGB
20-megapixel camera. The RGB-colored point cloud was
obtained by processing raw data through the proprietary
software DJI Terra able to convert the 3D point clouds in
the open format *. las [37].

2.4 BIM model

Several site inspections were conducted to document the
building’s existent condition, and to acquire the information
needed for BIM construction. During the walkthroughs, vis-
ible construction materials and finishes were identified. For
invisible materials, details were required from the facility
stakeholders such as walls properties, pavement lavers, ceil-
ing systems, etc. Consequently, the geometric accuracy of
the model was ensured, together the visual checks the point
cloud derived from the RCP file generated in Autodesk
Recap Pro, supplemented by floor-level imagery captured
with the UAV. The model comprehensively represented all
structural and architectural elements, including the founda-
tion, steel and concrete frames, walls, floor layers and fin-
ishes, ceilings, and roofs.
The OM total area includes the following parts (Fig. 5):

e An administrative wing: divided into a renovated old
building made of reinforced concrete and including a
corridor, a restroom and two offices. A precast newly
built part made of precast concrete and included a con-
ference room, two restrooms, a kitchen, a laboratory,
and two offices. The floor of the administration is cov-
ered with ceramic tiles;

e A production area consists of a large room based on steel
columns and delimited by precast concrete walls and an
epoxy resin floor;

e Anolive oil storage room with Phase Changing Material
(PCM) walls for insulation and resin floor;

e A covered external working area supported by precast
concrete columns and beams bearing the standing seam
roof;

e Both open and covered parking areas, a paved court-
yard, and small green spaces surrounding the building;

e The roofs of the OM covered areas are all in metal
standing seam, and the external floors are covered either
by precast concrete or by gravel.

The model was developed with the necessary geomet-
ric and material detail to accurately represent the existing
building, rather than conforming to conventional Level of
Development (LOD) or Level of Information Need (LOIN)
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Fig.5 Different sections of the olive mill (OM): A Administration, B Production area, C Storage room, D External working area, E Covered park-
ing, F Gravel courtyard, G Precast courtyard, H Open parking, I Green spaces

frameworks. Consequently, the required data was exported
directly from Autodesk Revit, and the model served as the
input database employed in the subsequent environmental
simulations.

2.5 Life cycle assessment
2.5.1 Goal and scope

The goal of LCA is to accurately evaluate the environmen-
tal impact, with a specific focus on the carbon footprint of
the OM structure, using One Click LCA, and based on the
BIM model. The study aims to quantify the Global Warming
Potential (GWP) in terms of kg CO,, over the building’s
lifespan estimated as 50 years, while the functional unit
was defined as kg COz, per square meter (kg CO,.,/m?).
The assessment follows the EN 15,804 standard, ensuring
methodological consistency and reliability. Key data inputs
include building materials, energy and water consumption,
building area, and lifespan. Additionally, potential reuse or
recycling of materials is incorporated where applicable.

2.5.2 System boundaries

This LCA study adopts a cradle-to-grave system bound-
ary, considering the building’s entire life cycle including

the recycling and recovery of material, when possible.
The gain of energy generated from renewable energy
sources was also integrated in the analysis. The assess-
ment includes the following stages: material production
(A1-A3), construction (A4-AS5), use phase (B1-B7), end-
of-life (C1-C4), and the possible circular scenarios (D).
However, few subphases have been excluded due to data
unavailability. A detailed representation of the LCA sys-
tem boundaries, including all considered subphases, is pre-
sented in Fig. 6.

2.5.3 Life cycle inventory assessment (LCInA)

The Life Cycle Inventory (LCIn) of Delia was created
first based on the building’s available documents and
planimetry, real-time photos, and walkthroughs. How-
ever, this was not enough to create a holistic represen-
tation of the building characteristics. Therefore, One
Click LCA plugin was installed in REVIT to allow the
automatic transfer of the 3D model to the LCA program
cloud. The eventual missing data about the materials,
transport, service lifespan, wastage, etc., were com-
pleted or adjusted, then the energy and water consump-
tion were retrieved from the bills and inserted into the
project. The input data that served to conduct the LCA
is summarized in Fig. 7.
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Fig.6 Life Cycle system Boundaries of the olive mill (OM) Delia

2.5.4 Life cycle impact assessment (LCImA)

The evaluation of the environmental impacts associated
with each life cycle stage was carried out following the EN
15,804+ A2 standard. The embodied carbon performance of
the OM was studied and the impact category selected as ref-
erence is the total GWP measured in kgCO,.

2.6 Microclimate assessment

The microclimate analysis in this study was conducted by
means of ENVI-met; a modeling software designed to simu-
late urban microclimate conditions. The interaction between
buildings, plants, pavements and the atmosphere is analyzed
by combining fluid dynamics, thermodynamics, and radia-
tion exchange, to assess important characteristics such as air
temperature, humidity, wind patterns, and thermal comfort
indices. Research on urban heat islands, green infrastruc-
ture, and pedestrian comfort has made considerable use of
ENVI-met capacity to predict complex urban geometries
and vegetation impacts [38—41]. This reflects the choice of
this program to conduct the analysis.

@ Springer

In this study, the microclimate of the OM analysis con-
siders the exterior landscape, infrastructure and vegetation,
which is characterized predominantly by olive trees, precast
concrete pavement, and gravel pavement surrounding the
OM structure. The simulation incorporated 3D modeling of
the building and exteriors to point out the Heat Island Effect.
A new model in ENVI-met that accurately replicates the
one created in REVIT. The model encompasses the walls,
roofs, pavements, and soil materials, and the dispersed trees
in the external part of the OM with all their characteristics
specified in the software (emission, absorption, conduction,
albedo, evapotranspiration, etc.).(Fig. 8).

Moreover, fundamental meteorological data namely:
temperature, humidity, and wind speed of the location were
retrieved from the open source “LadyBug Tool" [42]. Sim-
ulations were conducted for three peak heat hours (12:00,
14:00, and 16:00) of a typical hot summer day (29 July
2024), in which the air temperature reached a maximum
of about 35°C (Fig. 9). The selection of this specific day,
characterized by high direct solar radiation, facilitated a
more robust analysis of microclimatic dynamics during hot
weather conditions under a clear sky.
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wind speed (bottom left)

3 Results different building evaluations in this study, because it pro-

vides detailed information on building components and mate-
3.1 Building information model (BIM) of the olive rial assemblies, including wall and pavement stratifications
mill (OM) (e.g., PCM layers, epoxy pavements underlaid with quartz),

as well as ceilings, fenestration, and door systems—the BIM

The BIM model of Delia is shown in Figs. 10 and 11,  model serves as a comprehensive data source for subse-
and 12, showing the different building areas described in  quent analyses. Figure 13 presents 3D visualizations of the
the methodology section. This model helped conduct the  building interior. Notably, material quantities, dimensions,
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Fig. 11 Building Information Model (BIM) of the olive mill (OM): right side view

Fig. 12 Building Information Model (BIM) of the olive mill (OM): left side view
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Fig. 13 Building Information
Model (BIM) of the olive mill
(OM): Interior views

Cradle to grave (A1-A4, B4-B5, C1-C4) kg COze/mz

(490-610)
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(610-730) D)
(730-850) IE;

Fig. 14 Cradle to grave embodied carbon benchmark

and geometric attributes are automatically exported from
Revit to One Click LCA via a dedicated plugin to facilitate
the LCA. For microclimate simulations, the BIM model can
alternatively be transferred to ENVI-met through an inter-
mediary platform such as QGIS. The evaluations results and
conclusions were also registered within the model’s files
to be taken into account during future possible extensions

Embodied carbon by life-cycle stage

<‘\\

Fig. 15 Embodied Carbon by life-cycle stage and by structure

[ ' A1-A3 Materlals- 88 %
[ A4 Transport- 1 %

[T ] B4-B5 Replacement-9 %
I C2 Waste transport- 1 %

@ Springer

or renovations of the building. It is crucial to underscore
that this model facilitates a comprehensive environmental
evaluation of the building’s present performance, while also
serving as a robust decision-making tool for assessing the
implications of any prospective design alterations or retro-
fitting interventions.

3.2 Life cycle assessment (LCA)

The LCA of the OM revealed that the embodied carbon esti-
mated from the construction phase until the end of life (from
cradle to grave) is high in comparison to Italy’s all building
types by a value of 2594 kg COZeq/mz. Based on established
benchmarks for embodied carbon classification, the OM
falls within Class G (as illustrated in Fig. 14), representing
the highest emissions category.

In more detail, 88% of the total embedded carbon in the
structure comes from the material production stage (Al-
A3), followed by the use phase (B4-B5) by 9%, then by the
transport of material and waste by 1% each. The horizontal
structures including beams, floors and roofs count for the
highest elements to embed carbon during the A1-A3 stage
(Fig. 15).

Embodied carbon by structure- A1-A3

Vertical structures and facade - 11%
Harizontal structures: beams, floors and roofs - 88%

Other structures and materials - 1%

0% 20% 40% 60% 80% 100%
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Visualisation of the annual impacts
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Fig. 16 Global Warming Potential (GWP) by building life cycle stages throughout the building’s lifespan

Regarding the GWP impact, its estimation from cradle to
cradle was about 7,011,470.39 kg COx,, over the building’s
lifespan. By breaking down further, the operational energy
consumption (B6: Energy use) was the dominant contribu-
tor, accounting for 91.16% of total emissions. This was fol-
lowed by material extraction, production, and transportation
(A1-A3: 3.96%) and water consumption (3.86%), as illus-
trated in Fig. 16.

Among structural elements, the ground floor slab exhib-
ited the highest environmental impact due to its substantial
material volume. This was followed by steel frames, which
contributed significantly to emissions owing to their energy-
intensive production processes and heavy reliance on fossil
fuels.

3.3 Microclimate assessment

The microclimate assessment of the OM aims to better
understand the micro-environmental behavior of around
the building. The simulation was carried out considering a
typical hot summer day as in the area of Scido municipal-
ity, in which the air temperature is usually above 30 °C
and can sometimes reach 40 °C. Simulations were run at
three of the hottest hours in the day: 12 pm, 2 pm, and 4
pm, to inspect the distribution of heat, humidity and air
movement in the area. The OM is housed in a compact,
large building with impervious, heat-absorbing surfaces,
featuring dense concrete walls surrounded by concrete
pavements. Adjacent to the structure, a series of olive
trees are planted: they stand close to the western wall,

approximately 25 m from the southern side and 10 m from
the eastern side. While olive trees can provide localized
cooling through evapotranspiration and ground shading,
their thermal impact on the building envelope is negligible
due to their far placement. Instead, their contribution to
reducing heat absorption and reflection from paved sur-
faces affects a broader microclimate. In fact, the analysis
of potential air temperature, relative humidity, and wind
speed accentuates this reasoning and shows a strong cor-
relation between building morphology, orientation, wind
movement, and thermal distribution.

Figures 17 and 18, and 19 show that at the simulation
times, the wind speed varies from 0.5 m/s to 2.5 m/s with
slightly stronger airflows in peripheral open zones. The air
temperature ranges from 32.04 °C to 35.26 °C around the
building, which is out of the comfortable range for a human
body identified as between 9 °C and 26 °C. With high solar
exposure and absence of canopied trees nearby, the south
and southeast sides of the building seem to be the hottest,
coinciding with reduced humidity. Indeed, since no addi-
tional moisture sources are available, the accumulated heat
raises air temperature making it more able to hold water
vapor, resulting in a decrease in relative humidity. The hot
dry air is emphasized by the low wind movement pushing
the heat to stagnate and form a heat island over the build-
ing at pedestrian level (from 1.4 m to 2 m height). Conse-
quently, this heat pattern reflects a lack of ventilation around
and inside the structure, especially from the southern side,
which could be translated by the presence of humidity
indoors in cold weather, and extreme heat in summer.
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Fig. 17 Distribution maps of Potential Air Temperature at respectively 12 pm, 2 pm, and 4 pm in the olive mill (OM) “Delia”

At12.00 am

Y (m)

Fig. 18 Distribution maps of wind speed at respectively 12 pm, 2 pm, and 4 pm in the olive mill (OM) “Delia”
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Fig. 19 Distribution maps of Relative Humidity at respectively 12 pm, 2 pm, and 4 pm in the olive mill (OM) “Delia”

4 Discussion

This study utilized UAV imagery and laser scanning to
capture real-time exterior and interior characteristics of
an OM in southern Italy. These technologies have proven
highly effective in the construction industry, both for
monitoring ongoing construction progress and for gen-
erating accurate virtual building planimetries in cases
where original documentation is unavailable. In fact, the
OM in this case study has undertaken several modifica-
tions and renovations without traceability since it has
been operational to produce olive oil. Inside the build-
ing, some rooms have been connected, and some others
have been separated. Furthermore, standing seam tile
roofs have been extended to cover all the administration,
the indoor and the outdoor operational areas. The images
obtained of the structure helped build the BIM model of
the OM based on which environmental and microclimate
analysis were conducted. This framework proved effi-
cient in rapidly generating the necessary results and high-
lighting the growing need to assess the sustainability and
environmental impact of food-related buildings, which
are expanding quickly due to rising population demands.
Notably, the Mediterranean region is home to most OM
structures, which are responsible for producing approxi-
mately 90% of the world’s olive oil supply and providing

employment for thousands of workers. It is essential to
expand environmental assessments beyond production
and processing to include the evaluation of structural
performance, particularly from a social perspective that
emphasizes the necessity of ensuring a safe, comfort-
able, and convenient workplace for workers, as well as
aligning more effectively with sustainability pillars and
climate change adaptation. Moreover, emerging technol-
ogies are increasingly supporting environmental research
and assessment such the case study in this research by
transferring the BIM model to LCA tool (One Click
LCA) which allows to retrieve building data automati-
cally. Regarding ENVI-met, importing the BIM model
generated in Revit requires several intermediate steps.
The Revit model is first exported as a CAD file and subse-
quently imported into QGIS, where the ENVI-met plugin
enables the execution of microclimate simulations. How-
ever, when detailed open-source data on vegetation and
soil conditions are lacking, particularly precise charac-
teristics of every individual tree, this procedure becomes
insufficient for generating a reliable microclimate model.
In such cases, the missing information must be entered
manually, a process that becomes increasingly complex
in areas with dense vegetation. Consequently, compre-
hensive and publicly accessible geospatial datasets on
urban vegetation and soil characteristics are essential
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for conducting robust analyses related to climate-change
adaptation and resilience.

In the same context of this study, several environmen-
tal evaluations including LCAs have been conducted on
OMs, however, they focus on agricultural, transforma-
tion, transportation, and waste management phases [43].
Which confirms what was reported in this and other
research that the building performance in food industry
still passes unnoticed [44, 45]. Herein this work, the LCA
analysis concludes that OMs could be as much impact-
ful as many other types of buildings, and that including
the emissions related to the building and its maintenance
in environmental evaluations gives a wholistic insight on
the real impact of OMs as the construction of the building
considerably consumes resources and impacts the climate
as much as the agricultural or the production phases. This
kind of study might aid in the development of a database
tailored to the worldwide impact of the olive industry,
which would assist in defining the sector’s weight on
climate change, and establishing a benchmark beyond
which an OM would be classified highly polluting. It is
very important to highlight that a huge number of OMs
were constructed so many years ago, using heavy cast
in place materials such as reinforced concrete (the case
of Delia). Furthermore, during that period, understand-
ing of climate change adaptation and sustainability was
constrained, rendering the design of environmentally
friendly a secondary consideration.

To extend the assessment of the OM building perfor-
mance, a microclimate analysis was carried out on a typical
hot summer day. The study aims to evaluate the heat island
effect impacting thermal comfort in the facility, in very
hot weather conditions. Despite the suspension of olive
oil production during summer, this period is dedicated to
building maintenance and cleaning of the process machin-
ery, therefore, it requires the presence of workers. Actu-
ally, this kind of analysis is usually conducted over cities
and neighborhoods encompassing a group of buildings, to
compare different scenarios of urban designs. Some stud-
ies succeeded in highlighting the hotspots in study areas
and suggesting solutions capable of reducing air tempera-
ture from 0.5 to 1.5 °C, such adding vegetation or water
fountains [46, 47]. Nevertheless, this work focuses on the
microclimate analysis of a complex building, placed in the
suburbs of a small city. In fact, the study shows that the
design of the building accentuates the formation of heat
islands around it, especially in its southern side. This zone
is the place where many logistical activities are done such
as evacuating the solid wastes, freighting the oil from the
storage room, or handling the process machinery. More-
over, during the olive campaign that figures out many hot
days, the visitors number to the company may reach over
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50 a day. Its relatively large surface is completely paved
by gravel or concrete, which, in conjunction with its south
exposure, intensifies the heat concentration which makes it
uncomfortable to work in the area. Furthermore, it was the
reason why a PCM was added to the walls of the storage
room, to emphasize the insulation. Yet, the administration
and the operational areas are built in a single complex that
is no higher than 3 to 4 m, which prevents air corridors,
and accentuates the air stagnation in some regions sur-
rounding the buildings.

The integration of LCA and microclimate analy-
sis reveals critical trade-offs in sustainable design. For
instance, the use of outdoor concrete pavement contributes
to higher embodied carbon while simultaneously exacer-
bating thermal discomfort through the formation of local-
ized hotspots. Conversely, strategic design choices, such
as building orientation, vegetation placement, and mate-
rial selection, play a pivotal role in mitigating these effects
and should be prioritized during the early design phase or
renovations.

Notably, this OM was previously evaluated using a
green building certification tool [44], where it demonstrated
strong performance in key categories such as energy effi-
ciency, innovation, and waste management. However, while
the green building tool assessment concluded the heat island
performance as very effective, our microclimate analysis
indicates potential shortcomings in thermal performance.
This discrepancy underscores the importance of comple-
menting evaluation tools with exhaustive simulations to
optimize building and urban design for thermal comfort and
sustainability.

In summary, the integration of multiple technologies,
such as UAV imagery, laser scanning, and BIM, has dem-
onstrated considerable effectiveness in generating accu-
rate digital twins of existing structures. Furthermore, the
development of software plugins has significantly facili-
tated interoperability between these technologies and vari-
ous structural assessment tools, streamlining the evaluation
process.

This study proposes a comprehensive framework aimed
at simplifying and enhancing the assessment of existing
buildings. In particular, it emphasizes the urgent need to
evaluate the structural performance of aging buildings,
which are prevalent throughout the Mediterranean region,
including heritage structures such as OMs. Given the
growing necessity for adaptation to climate change in the
construction sector, such evaluations are critical for iden-
tifying structural vulnerabilities. Addressing these weak-
nesses can inform targeted interventions that improve
building resilience, enhance sustainability, and support
long-term adaptation strategies to face evolving environ-
mental challenges.
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5 Conclusions

This study presents a complete framework for evaluating
the environmental and microclimate performance of build-
ings in the agri-food field, namely an OM, thereby address-
ing a neglected aspect of food manufacturing chain. The
proposed methodology integrates UAV photogrammetry,
laser scanning, and BIM modeling with LCA and microcli-
mate simulations, providing a comprehensive framework
for the analysis of food-related industrial structures. The
findings demonstrate that the evaluated olive mill structure
generates significant embodied emissions and contributes
to local heat island effects, highlighting the significance
of material selection, design methodologies, and land-
scape in enhancing thermal comfort and sustainability.
The contrast with LEED assessments underscores incon-
sistencies between certification tools and detailed simula-
tions, emphasizing the necessity of incorporating digital
modeling into green building assessments. Finally, this
framework can be extended to various facility types within
the agri-food sector, contributing to the development of
a comprehensive database for establishing environmental
benchmarks and classifying buildings according to their
performance. Moreover, the exploration of advanced tech-
nologies such as digital twins for real-time monitoring and
assessment represents a promising direction for under-
standing the interactions among buildings, workers, and
products in both indoor and outdoor environments within
the sector.

Acknowledgements This study was carried out within the Agritech
National Research Center and received funding from the European
Union Next-GenerationEU (PIANO NAZIONALE DI RIPRESA E
RESILIENZA (PNRR) — MISSIONE 4 COMPONENTE 2, INVESTI-
MENTO 1.4 -D.D. 1032 17/06/2022, CN00000022). This manuscript
reflects only the authors’ views and opinions; neither the European
Union nor the European Commission can be considered responsible
for them.

Author contributions **Dorra Kouka** : Writing — review & editing,
Writing — original draft, Investigation, Methodology, Formal analy-
sis, Conceptualization.**Giuseppe Davide Cardinali** : Writing — re-
view & editing, Methodology, Data curation.**Salvatore Pratico:**
Writing — review & editing, Methodology, Data curation.**Gaetano
Messina: ** Writing — review & editing, Methodology, Data
curation. **Francesco Barreca** : Supervision, Project administration,
Investigation, Formal analysis, Data curation, Conceptualization.

Funding Open access funding provided by Universita degli Studi
Mediterranea di Reggio Calabria within the CRUI-CARE Agreement.
The work was funded by the European Union Next-GenerationEU
(PIANO NAZIONALE DI RIPRESA E RESILIENZA (PNRR)- mis-
sione 4 componente 2, investimento 1.4-D.D.1032 17/06/2022,
CN00000022).

Data availability Data will be made available on request.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Kissi E, Aigbavboa C, Kuoribo E (2023) Emerging technologies
in the construction industry: challenges and strategies in Ghana.
Constr Innovation: Inform Process Manage 23:383—405. 2https://
doi.org/10.1108/CI-11-2021-0215

2. Chen X, Chang-Richards AY, Pelosi A, Jia Y, Shen X, Siddiqui
MK, Yang N (2022) Implementation of technologies in the con-
struction industry: a systematic review. Eng Constr Archit Manage
29(8):3181-3209. https://doi.org/10.1108/ECAM-02-2021-0172

3. Trach R, Pawluk K, Lendo-Siwicka M (2022) The assessment of
the effect of BIM and IPD on construction projects in Ukraine. Int
J Constr Manage 22:1844—1851

4. Mohammed AB (2022) Applying BIM to achieve sustainabil-
ity throughout a building life cycle towards a sustainable BIM
model. Int J Constr Manage 22:148-165

5. Lesniak A, Gorka M, Skrzypczak I (2021) Barriers to BIM imple-
mentation in architecture, construction, and engineering proj-
ects—the Polish study. Energies (Basel) 14

6. Bello SA, Oyedele LO, Akinade OO, Bilal M, Delgado JMD,
Akanbi LA, Ajayi AO, Owolabi HA (2021) Cloud computing in
construction industry: use cases, benefits and challenges. Autom
Constr 122:103441

7.  Ern PAS, Ooi YY, Al-Ashmori YY (2020) Comparative study
on the perspective towards the benefits and hindrances of imple-
menting building information modelling (Bim). Int J Sustain
Constr Eng Technol 11:194-205

8. Young D, Barton Malow Co Baltimore M, Panthi K, Noor O
Challenges Involved in Adopting BIM on the Construction Jobsite

9. AdéanA, Quintana B, Prieto SA, Bosché F (2018) Scan-to-BIM for
‘secondary’ building components. Adv Eng Inform 37:119-138

10. Parn EA, Edwards DJ, Sing MCP (2017) The building infor-
mation modelling trajectory in facilities management. A review
Automation in Construction. https://doi.org/10.1016/j.autcon.201
6.12.003

11. Pishdad-Bozorgi P, Gao X, Eastman C, Self AP (2018) Planning
and developing facility management-enabled building informa-
tion model (FM-enabled BIM). Autom Constr 87:22-38

12. Pratico S, Tripodi R, Tirella V, Di Fazio S, Barreca F, Modica G
(2023) Proposal of an integrated 3D architectural survey method
for application in historic agri-food building analysis and repre-
sentation. J Agricultural Eng 54(3)

13. Sepasgozar SME, Hui FKP, Shirowzhan S, Foroozanfar M, Yang L,
Aye L (2021) Lean practices using building information modeling

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1108/CI-11-2021-0215
https://doi.org/10.1108/CI-11-2021-0215
https://doi.org/10.1108/ECAM-02-2021-0172
https://doi.org/10.1016/j.autcon.2016.12.003
https://doi.org/10.1016/j.autcon.2016.12.003

81

Page 18 of 18

Journal of Building Pathology and Rehabilitation

(2026) 11:81

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(BIM) and digital twinning for sustainable construction. Sustain-
ability 13(1):161. https://doi.org/10.3390/su13010161

Santos R, Costa AA, Silvestre JD, Pyl L (2020) Development of
a BIM-based environmental and economic life cycle assessment
tool. J Clean Prod 265:121705

Tagliabue LC, Cecconi FR, Maltese S, Rinaldi S, Ciribini ALC,
Flammini A (2021) Leveraging digital twin for sustainability
assessment of an educational building. Sustainability 13:480. http
s://doi.org/10.3390/su13020480

Aguilar AJ, de la Hoz-Torres ML, Ruiz DP, Martinez-Aires MD
(2022) Monitoring and assessment of indoor environmental con-
ditions in educational building using building information model-
ling methodology. Int J Environ Res Public Health 19(21):13756.
https://doi.org/10.3390/ijerph192113756

Stavrakakis GM, Katsaprakakis DA, Damasiotis M (2021) Basic
principles, most common computational tools, and capabilities
for building energy and urban microclimate simulations. Ener-
gies 14:6707. https://doi.org/10.3390/en14206707

Brenner C (2005) Building reconstruction from images and laser
scanning. Int J Appl Earth Obs Geoinf 6:187-198

Skrzypczak I, Oleniacz G, Les$niak A, Zima K, Mrowczynska M,
Kazak JK (2022) Scan-to-BIM method in construction: assess-
ment of the 3D buildings model accuracy in terms inventory mea-
surements. Build Res Inf 50(8):859-880. https://doi.org/10.1080/
09613218.2021.2011703

Jiang Z, Shen X, Ibrahimkhil MH, Barati K, Linke J (2022)
SCAN-VS-BIM FOR REAL-TIME, PROGRESS MONITOR-
ING OF BRIDGE CONSTRUCTION PROJECT. in ISPRS
Annals of the Photogrammetry, Remote Sensing and Spatial
Information Sciences vol 10. Copernicus Publications, pp 97-104
Sing MC, Luk S, Chan KH, Liu HJ, Humphrey R (2022) Scan-
to-BIM technique in building maintenance projects: practicing
quantity take-off. [JBPA 42(6):1250-1262

Choi HW, Kim HJ, Kim SK, Na WS (2023) Overview of Drone
Applications in the Construction Industry. Drones. https://doi.org
/10.3390/drones7080515

Lague D, Brodu N, Leroux J (2013) Accurate 3D comparison of
complex topography with terrestrial laser scanner: application to
the Rangitikei Canyon (N-Z). ISPRS J Photogramm Remote Sens
82:10-26

Tal D, Altschuld J (2021) Drone technology in architecture, engi-
neering and construction: A strategic guide to unmanned aerial
vehicle operation and implementation. John Wiley & Sons

Bang S, Kim H, Kim H (2017) UAV-based automatic generation
of high-resolution panorama at a construction site with a focus on
preprocessing for image stitching. Autom Constr 84:70-80

Kim H et al (2017) Concrete crack identification using a UAV
incorporating hybrid image processing. Sens (Basel) 17(9). https:
//doi.org/10.3390/517092052

Najjar M, Figueiredo K, Hammad AW, Haddad A (2019) Inte-
grated optimization with building information modeling and life
cycle assessment for generating energy efficient buildings. Appl
Energy 250:1366—1382

Peng C (2016) Calculation of a building’s life cycle carbon emis-
sions based on ecotect and building information modeling. J
Clean Prod 112:453-465

Ramani V, Ignatius M, Lim J, Biljecki F, Miller C (2023) A
dynamic urban digital twin integrating longitudinal thermal imag-
ery for microclimate studies. In Proceedings of the 10th ACM
international conference on systems for energy-efficient build-
ings, cities, and transportation. 421-428

Hong T, Xu 'Y, Sun K, Zhang W, Luo X, Hooper B (2021) Urban
microclimate and its impact on building performance: a case
study of San Francisco. Urban Clim 38:100871

Kolokotsa D, Lilli K, Gobakis K, Mavrigiannaki A, Haddad
S, Garshasbi S, Mohajer HRH, Paolini R, Vasilakopoulou K,

Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Bartesaghi C et al (2022) Analyzing the impact of urban planning
and building typologies in urban heat island mitigation. Buildings
12:537. https://doi.org/10.3390/buildings 12050537

Oliveira S, Andrade H, Vaz T (2011) The cooling effect of green
spaces as a contribution to the mitigation of urban heat: a case
study in Lisbon. Build Environ 46:2186-2194

Kong H, Choi N, Park S (2021) Thermal environment analysis of
landscape parameters of an urban park in summer-a case study in
Suwon, Republic of Korea. Urban For Urban Green 65:127377
Ful, Wang Y, Zhou D, Cao SJ (2022) Impact of urban park design
on microclimate in cold regions using newly developped predic-
tion method. Sustain Cities Soc 80:103781

Russhakim NAS, Ariff MFM, Majid Z, Idris KM, Darwin N,
Abbas MA, Zainuddin K, Yusoff AR (2019) THE SUITABIL-
ITY OF TERRESTRIAL LASER SCANNING FOR BUILDING
SURVEY AND MAPPING APPLICATIONS. Int Arch Photo-
gramm Remote Sens Spat Inf Sci XLII-2/W9:663-670. https://
doi.org/10.5194/isprs-archives-XLII-2-W9-663-2019

Merckx R (2020) The Utilisation of Aerial Photography and
Laser Scanning in BIM Modelling

Urban R, Stroner M, Linkova L (2021) A new method for UAV lidar
precision testing used for the evaluation of an affordable DJI zen-
muse 11 scanner. Remote Sens. https://doi.org/10.3390/rs13234811
Tsoka S (2023) Evaluating the impact of urban microclimate on
buildings’ heating and cooling energy demand using a co-simula-
tion approach. Atmosphere. https://doi.org/10.3390/atmos 140406
52

Tsoka S, Theodosiou T, Tsikaloudaki K, Flourentzou F (2018)
Modeling the performance of cool pavements and the effect of
their aging on outdoor surface and air temperatures. Sustain Cit-
ies Soc 42:276-288

Tsoka S, Leduc T, Rodler A (2021) Assessing the effects of urban
street trees on building cooling energy needs: the role of foliage
density and planting pattern. Sustain Cities Soc. https://doi.org/1
0.1016/.5¢5.2020.102633

Crank PJ, Sailor DJ, Ban-Weiss G, Taleghani M (2018) Evaluat-
ing the ENVI-met microscale model for suitability in analysis of
targeted urban heat mitigation strategies. Urban Clim 26:188-197
Sadeghipour Roudsari M, Pak M (2013) Ladybug: A Parametric
Environmental Plugin for Grasshopper to Help Designers Cre-
ate an Environmentally Conscious Design. In Proceedings of the
13th International conference of Building Performance Simula-
tion Association. Chambery, France, Aug 25-28

El Joumri L et al (2023) Life cycle assessment (LCA) in the olive
oil value chain : A descriptive review. Environmental Develop-
ment. https://doi.org/10.1016/j.envdev.2022.100800

Kouka D, Russo MT, Barreca F (2025) Building Sustainability
Evaluation Tool for Olive Oil Mills: A LEED Application in an
Olive Oil Mill in Southern Italy. in Biosystems Engineering Pro-
moting Resilience to Climate Change - AIIA 2024 - Mid-Term
Conference 1148-1157 https://doi.org/10.1007/978-3-031-8421
2-2 141

Kouka D, Cardinali GD, Messina G, Barreca F (2025) BIM-based
post-occupancy analysis of energy use and carbon impact in adap-
tive reused buildings: a case study of an olive mill in Southern Italy.
Results Eng. https://doi.org/10.1016/j.rineng.2025.105150

Cortes A, Rejuso AJ, Santos JA, Blanco A (2022) Evaluating
mitigation strategies for urban heat island in Mandaue City using
ENVI-met. J Urban Manag 11:97-106

Crank PJ, Middel A, Coseo P, Sailor DJ (2023) Microclimate
impacts of neighborhood redesign in a desert community using
ENVI-met and MaRTy. Urban Clim 52:101702

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.3390/buildings12050537
https://doi.org/10.5194/isprs-archives-XLII-2-W9-663-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-663-2019
https://doi.org/10.3390/rs13234811
https://doi.org/10.3390/atmos14040652
https://doi.org/10.3390/atmos14040652
https://doi.org/10.1016/j.scs.2020.102633
https://doi.org/10.1016/j.scs.2020.102633
https://doi.org/10.1016/j.envdev.2022.100800
https://doi.org/10.1007/978-3-031-84212-2_141
https://doi.org/10.1007/978-3-031-84212-2_141
https://doi.org/10.1016/j.rineng.2025.105150
https://doi.org/10.3390/su13010161
https://doi.org/10.3390/su13020480
https://doi.org/10.3390/su13020480
https://doi.org/10.3390/ijerph192113756
https://doi.org/10.3390/ijerph192113756
https://doi.org/10.3390/en14206707
https://doi.org/10.1080/09613218.2021.2011703
https://doi.org/10.1080/09613218.2021.2011703
https://doi.org/10.3390/drones7080515
https://doi.org/10.3390/drones7080515
https://doi.org/10.3390/s17092052
https://doi.org/10.3390/s17092052

	﻿BIM-based environmental and microclimate analysis from UAV imagery and laser scanning for agrifood building management
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿1.1﻿ ﻿Scan-to-BIM and photogrammetry use in construction
	﻿1.2﻿ ﻿Life cycle assessment and microclimate evaluation of buildings
	﻿1.3﻿ ﻿Aim and scope

	﻿2﻿ ﻿Materials and methods
	﻿2.1﻿ ﻿Study site
	﻿2.2﻿ ﻿Laser scanning lidar
	﻿2.3﻿ ﻿UAV survey and image data processing
	﻿2.4﻿ ﻿BIM model
	﻿2.5﻿ ﻿Life cycle assessment
	﻿2.5.1﻿ ﻿Goal and scope
	﻿2.5.2﻿ ﻿System boundaries
	﻿2.5.3﻿ ﻿Life cycle inventory assessment (LCInA)
	﻿2.5.4﻿ ﻿Life cycle impact assessment (LCImA)


	﻿2.6﻿ ﻿Microclimate assessment
	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Building information model (BIM) of the olive mill (OM)
	﻿3.2﻿ ﻿Life cycle assessment (LCA)
	﻿3.3﻿ ﻿Microclimate assessment

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusions
	﻿References


